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zation catalyst comprising an organoaluminum 
oxy-com pound (A), a transition metal com- 
pound (B) and a hydrogenated organoalumi- 
num compound (C) ; a solid olefin 
polymerization catalyst comprising compo- 
nents (A), (B), (C) and a earner (D) ; a catalyst 
formed by prepolymerization of olefin on a 
catalyst comprising components (A), (B), (C) 
and (D) ; an olefin polymerization catalyst com- 
prising the solid catalyst or the prepolymerized 
catalyst and an organoaluminum compound ; 
and a method for the polymerization of olefin, 
which comprises polymerizing olefin in the pre- 
sence of one of the catalysts. 
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FIELD OF THE INVFMTir> M 

a | w »? fe J Venti0 " re ' ateS 10 0lef in Pdymerization cat- 
alysts and a method for the polymerization of olefin 
using the ^ in polymeri2ation 

ularly, the .nvention relates to the olefin polymeriza- 
hon catalysts which are applicable to sus^enston 

polymenzaaon orvapor phase polymerization t hS 
by olefin polymers excellent in particle properties can 

tta^nT7/* h 3 hi9h PO> y™°™«™ activity, and 
the m e , h00 for the polymerization of olefin using the 
olefin polymerization catalysts. 

BACKGROUND OP TM F INVENTION 

Titanium-containing catalysts comprising titani- 
um compounds and organoaluminum compounds or 

comn ' Un ^ COn ^ in,n9 Cata,yStS ^P^ing vanadium 
compounds and organoaluminum compounds have 
heretofore been known to be used as the catalysts for 
the preparation of a-olefin polymers, for example 
ethylene polymer or ethylene/a-olef in copo.ymeT 
Further, olefin polymerization catalysts compris- 

Zf^TT an ° organoaluminum oxj- 

compounds have been known as the catalysts capl 
bte of preparing ethylene/a-olef in copolymers with 

2rT t T f °" aCtMty - The me t"odfor the prep- 
arabon of ethylene/a-olefin copolymers using such 
olefin polymenzation catalysts have been proposed 
or example, in Japanese Patent Laid-Open Publican 
ton Nos. 1930 9 /1 9 83 and, 35005/1985. 35006/19 8 1 
35007/1 985 and 35008/1 985. ,BB5 ' 
Further, Japanese Patent Laid-Open Publication 

m 0 et h 2 H°? 02 /,! 985 1306 °^ have propeS 
methods for the polymerization of olefin by using cat 

mtd IT' T- tranSiti ° n meta ' ^ » 
m Zt 9 ? rnmUm com P° unds comprising alu- 
mmoxane and organoaluminum compounds 

In these methods cited above, however laroe 
amounts of a.uminoxane (organoaluminum o^I 
pound) must 5e usedi and hence an , * nv 

« H Ka !, i0n aCtiVily Per ^"oaluminum 
oxy-compound is desired. 

m n .^ U ? her ' alumin ° Xane cha "9 es in s ^«cture and 
macular weight depending upon the synthesis con- 
drtions employed, and hence its molecular weight and 
structure each have a distribution. On that account 
there is brou ght about such a problem that when a.u- 
~ e ' s ( used as a ^catalyst of a transition metal 
compound, ite activity often varies somewhat, and an 
mprovement ,n this point is desired. ,n particular, in 
the case of supported type catalysts, the particle 
properties of the prepolymerized olef in polymer iza 
t,oncatalystoftenchangegreatlydependingu7on^ 
a ummoxane used, and hence desired is the advJnl 

^«Wl^'nv*lchtheparlWepn)perfia.ofthepi 
SSZZ " Z6d ° lefin PO'y^erization catalyst or those of 
the olefin polymer will not change largely depending 



upon the molecular weight or structure of the alumi- 
noxane used. 

OBJECT OF THF INV ENTION 

5 

The present invention has been made in view of 
the poor art as mentioned above, and an object of the 
.nvenhon is to provide olefin polymerization ca Jysts 

10 no!? °' ef,n activity per orga- 

'o noalummum oxy-compound, prepolymerized olefin 
pdymerrzation catalysts excellent in olefin polymeri- 
zation activity per organoaluminum oxy-compound 

to J T, 'T^ 6 Pr0PertieS - or olefi " Polymerize 
ton catalyste capable of giving olefin polymers excel- 
« lent ,n parbcle properties. The another object of the 
invention is to provide a process for preparing If in 
polymers using the olefin polymerization catalysTor 
tne prepolymerized olefin polymerization catalyst 
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»« ,hl he 1 ifSt °' ef in P^^^ation catalyst according 
to the present invention comprises 

(A) an organoaluminum oxy-compound 

(B) a transition metal compound of the group IVB 
metals containing a ligand or ligands having a cy- 
clopentadienyl skeleton, and 

(C) a hydrogenated organoaluminum compound 
so «, ? f eC ° nd °' ef Po'^erization catalyst (solid 

co^prisef po, ^ erizati on) of the Lention 

(A) an organoaluminum oxy-compound 

(B) a transition metal compound of the group IVB 
metals containing a ligand or ligands having a cy- 

35 clopentadienyl skeleton, 7 

(C) a hydrogenated organoaluminum compound, 
3nd * 

(D) a particulate carrier. 

The third olefin polymerization catalysts of 
*° the invention comprises 

Icr 6 !^", enti ° ned 80,1(1 (component) 
for olefin polymerization, and 

(E) an organoaluminum compound 
The fourth olefin polymerization catalyst (prepo- 

n y Th e ^ ,0n T ' ySt) ° f ' he ' nven,ion is oharacterized 
m that the catalysts are formed by prepolymerizing 
olefin on a catalyst comprising 9 

(A) an organoaluminum oxy-compound 

(B) a transition metal compound of the group IVB 
so metals containing a ligand orligands having a cy- 

clopentadienyl skeleton, 

(C) a hydrogenated organoaluminum compound, 
3 no * 

(D) a particulate carrier. 
55 The fifth olefin polymerization catalysts of 

the invention comprises 

the above-mentioned prepolymerized catalyst 
(component), and y 
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(E) an organoaluminum compound. 

The process for the polymerization of olefin ac- 
cording to the invention is characterized by polymer- 
izing or co polymerizing olefin in the presence of such 
olefin polymerization catalysts as mentioned above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a preparation process 
of the olefin polymerization catalyst of the present in- 
vention. 

Fig. 2 is a photograph of an optical microscope 
showing a particle structure of the pre polymerized 
catalyst (component) obtained in Example 1 of the in- 
vention. 

Fig. 3 is a photograph of an optical microscope 
showing a particle structure of the prepolymerized 
catalyst (component) obtained in Comparative Exam- 
ple 1. 

Fig. 4 is a photograph of an optical microscope 
showing a particle structure of the prepolymerized 
catalyst (component) obtained in Example 4. 

Fig. 5 is a photograph of an optical microscope 
showing a particle structure of the prepolymerized 
catalyst (component) obtained in Comparative Exam- 
ple 2. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the olefin polymerization catalysts of 
the present invention and the process for the poly- 
merization of olefin using said catalysts are illustrated 
in detail. 

In the invention, the term "polymerization" some- 
times means not only homo polymerization but also 
copolymerization, and the term "polymer" means like- 
wise not only homopolymer but also copolymer. 

Fig. 1 is a chart showing a process for the prep- 
aration of the olefin polymerization catalysts of the in- 
vention. 

The first olefin polymerization catalyst of the in- 
vention comprises 

(A) an organoaluminum oxy-com pound, 

(B) a transition metal compound of the group IVB 
metals containing ligands having a cyclopenta- 
dienyl skeleton, and 

(C) a hydrogenated organoaluminum compound. 

The organoaluminum oxy-compound (A) (herein- 
after described sometimes as "the component (A)") 
used in the invention may be either known aluminox- 
ane (A-1) or such benzene-insoluble organoalumi- 
num oxy-compound (A-2) as disclosed in Japanese 
Patent Laid-open Publication No. 78687/1990. 

The known aluminoxane (A-1) may be prepared, 
for example, by the method as will be mentioned be- 
low. 

(1) A method for preparing the aluminoxane (A- 
1) as its hydrocarbon solution which comprises 



reacting an organoaluminum compound such as 
trialkylaluminum with a hydrocarbon medium 
suspension of hydrate of magnesium chloride, 
hydrate of copper sulfate, hydrate of aluminum 
sulfate, hydrate of nickel sulfate or hydrate of ser- 
ous chloride. 

(2) A method for preparing the aluminoxane (A- 
1) as its hydrocarbon solution which comprises 
directly reacting water, ice or water vapor with an 
organoaluminum compound such as trialkylalu- 
minum in such a medium as benzene, toluene, 
ethyl ether or tetrahydrofuran. 

(3) A method for preparing the aluminoxane (A- 
1) which comprises reacting an organoaluminum 
compound such as trialkylaluminum with an orga- 
notin oxide such as dimethyltin oxide or dibutyltin 
oxide in such a medium as decane, benzene or 
toluene. 

The aluminoxane (A-1) thus obtained may con- 
tain small amounts of organometallic components. 
Further, after distilling off the solvent or un reacted or- 
ganoaluminum compound from the solution of alumi- 
noxane as mentioned above, the solid aluminoxane 
thus obtained may be dissolved again in the solvent. 

Organoaluminum compounds which are useful in 
the preparation of the solution of aluminoxane (A-1) 
as mentioned above may include trialkylaluminum 
such as trimethylaluminum, triethylaiuminum, tripro- 
pylaluminum, triisopropylaluminum, tri-n-butylalumi- 
num, triisobutylaluminum, tri-sec-butylaluminum, tri- 
tert-butylaluminum, tripentytaluminum, trihexyl alumi- 
num, trioctylaluminum or tridecylaluminum; 

tricycloalkylaluminum such as tricyclohexyla- 
luminum or tricycloocty I aluminum; 

dialkylaluminum halide such as dimethyialumi- 
num chloride, diet hylaluminum chloride, diet hylal urn h 
num bromide or diisobutylaluminum chloride; 

dialkylaluminum hydride such as diet hylalumi- 
num hydride or diisobutylaluminum hydride; 

dialkylaluminum alkoxide such as dimethytalu- 
minum methoxide or diet hylaluminum ethoxide; and 
dialkylaluminum aryloxide such as diethylalu- 
minum phenoxide. 

Of these organoaluminum compounds exempli- 
45 fied above, particularly preferred are trialkylalumi- 
num and tricycloalkylaluminum. 

Further, iso prenyl aluminum represented by the 
following general formula (i) may also be used as the 
organoaluminum compound. 
so (i-C 4 H 9 ) x Al y (C 5 H 10 ) 2 (i) 

wherein x, y and z are each a positive number, and z 
S 2x. 

The organoaluminum compounds as mentioned 
above may be used either singly or in combination. 
55 The solvent used in the preparation of aluminox- 

ane solution may include aromatic hydrocarbons 
such as benzene, toluene, xylene, cumene and cynv 
ene; aliphatic hydrocarbons such as pentane, hex- 
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ane, heptane, octane, decane, dodecane. hexade- 
cane and octadecane; aiicyclic hydrocarbons such as 
cylopentane, cyclohexane, cylooctaneand methyl cy- 
clooctane; petroleum fraction such as gasoline, kero- 
sene or gas oil; and hydrocarbon solvents such as ha- s 
I'des, particularly chlorides and bromides of the 
above-mentioned aromatic hydrocarbons, aliphatic 
hydrocarbons or alicyclic hydrocarbons. In addition 
there can also be used ethers such as ethyl ether and 
tetrahydrofuran. 

Of these the aromatic hydrocarbons are particu- 
larly preferred. 

The benzene-insoluble organoaluminum oxy- 
compound (A-2) used in the invention may be ob- 
tained, for example, by a method in which the solution 15 
of aluminoxane (A-1) is brought into contact with wa- 
ter or an active hydrogen containing compound or a 
method in which the above-mentioned organoalumi- 
num compound is brought into contact with water. 

In the first method for obtaining the benzenein- 20 
soluble organoaluminum oxy-compound (A-2) the 
solution of aluminoxane (A-1 ) is brought into contact 
with water or the active hydrogen containing com- 
pound. 

The active hydrogen containing compound used 25 
herein includes alcohols such as methanol, ethanol 
n-propanol and isopropanol; diols such as ethylene 
glycol and hydroquinone; and organic acids such as 
acetic acid and propionic acid. Of these compounds 
exemplified above, preferred are alcohols and diols 30 
particularly alcohols. 

The water or active hydrogen containing com- 
pound to be brought into contact with the solution of 
aluminoxane (A-1) may be used by dissolving or dis- 
persing the same in hydrocarbon solvents such as 35 
benzene, toluene and hexane; ether solvents such as 
tetrahydrofuran; or amine solvent such as triethyla- 
mine, or may be used in a state of vapor or solid. As 
the water to be brought into contact with the alumi- 
noxane solution, there may also be used water of 40 
crystallization of salts such as magnesium chloride 
magnesium sulfate, aluminum sulfate, copper sulfate 
nickel sulfate, iron sulfate and cerous chloride, or ad- 
sorbed water adsorbed on inorganic compounds such 
as silica, alumina and aluminum hydroxide or poly- 45 
mers. rf 

Contact of the aluminoxane solution and water or 
active hydrogen containing compound is carried out 
usually in a solvent, for example, a hydrocarbon sol- 
vent. 

so 

The hydrocarbon solvent used herein may in- 
clude the aforementioned hydrocarbons, preferably 
aromatic hydrocarbons. 

In carrying out the contact of the aluminoxane 
solution with water or active hydrogen containing 55 
compound, the water or active hydrogen containing 
compound is used in an amount of 0.1-5 mols, prefer- 
ably 0.2-3 mols based on the Al atoms in the alumi- 



noxane solution. The concentration of the aluminox- 
ane in the reaction system is usually 1 x 1 - 5 gram 
atom/liter, preferably 1 x 10-2 - 3 gram atom/liter, and 
the concentration of the water in the reaction system 
is usually 2 x 1(M - 5 mol/liter, preferably 2 x 1<H - 
3 mol/liter. 

The aluminoxane (A-1) solution is brought into 
contact with water or an active hydrogen containing 
compound by the following procedures. 

(1) The aluminoxane solution is brought into con- 
tact with a hydrocarbon solvent containing water 
or an active hydrogen containing compound. 

(2) The vapor of water or an active hydrogen con- 
taining compound is blown into the aluminoxane 
solution, thereby bringing the aluminoxane into 
contact with said vapor. 

(3) The aluminoxane solution is kept directly in 
contact with water or an active hydrogen contain- 
ing compound. 

(4) The aluminoxane solution is mixed with a hy- 
drocarbon suspension of an adsorbed water con- 
taining compound or a water of crystallization 
containing compound, or with a hydrocarbon sus- 
pension of a compound on which an active hydro- 
gen containing compound has been adsorbed, 
thereby bringing the aluminoxane into contact 
with the adsorbed water or water of crystalliza- 
tion. 

The aluminoxane solution as illustrated above 
may contain other components so long as they do not 
exert an aggravating influence upon the reaction be- 
tween the aluminoxane and the water or the active 
hydrogen containing compound. 

The contact of the aluminoxane solution with wa- 
ter or active hydrogen containing compound is carried 
out at a temperature of usually -50- 1 50°C, preferably 
0-120°C and especially 20-100°C. The reaction 
time, though varies largely depending upon the reac- 
tion temperature employed, is usually 0.5-300 hours 
preferably 1 - 1 50 hours. 

In the second method for obtaining the benze- 
neinsoluble organoaluminum oxy-compound (A-2), 
an organoaluminum compound and water are brought 
into contact with each other. In that case, the water 
is used in such an amount that the organoaluminum 
atoms dissolved in the reaction system becomes 20% 
or less based on the total organoaluminum atoms. 

The water to be brought into contact with the or- 
ganoaluminum compound may be used after dissolv- 
ing or dispersing said water in a hydrocarbon solvent 
such as benzene, toluene or hexane, an et her solvent 
such as tetrahydrofuran, or an amine solvent such as 
triethylamine, or may be used in a state of water vapor 
or ice. Further, as the water, there may also be crys- 
tallization water of such a salt as magnesium chloride, 
magnesium sulfate, aluminum sulfate, copper sulfate 
nickel sulfate, iron sulfate or cerous chloride, or adsor- 
bed water adsorbed on such an inorganic compound 
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as silica, alumina or aluminum hydroxide, or on poly- 
mers. 

The contact of the organoaluminum compound 
with water is carried out usually in a hydrocarbon sol- 
vent. This hydrocarbon solvent used herein includes 
the aforementioned hydrocarbon solvents. 

Of these solvents mentioned above, particularly 
preferred are aromatic hydrocarbons. 

The concentration in the reaction system of the 
organoaluminum compound, in terms of aluminum 
atom, is usually 1 x 10- 3 ~ 5 gram/liter, preferably 1 x 
10- 3 ~ 3 gram atom/liter, and the concentration in the 
reaction of the water is usually 1 x 1(H *~ 5 mol/liter, 
preferably 1 x 10- 2 — 3 mol/liter. In that case, it is de- 
sirable that the amount of organoaluminum atoms 
dissolved in the reaction system is 20% or below, pre- 
ferably 10% or below and especially 0-5%. 

The organoaluminum compound may be brought 
into contact with the water by the following proce- 
dures. 

(1) The hydrocarbon solution of the organoalumi- 
num is brought into contact with the hydrocarbon 
solvent containing the water. 

(2) The organoaluminum compound and water 
vapor are brought into contact with each other by 
blowing the water vapor into a hydrocarbon solu- 
tion of said organoaluminum compound. 

(3) The organoaluminum compound is brought 
into contact with the adsorbed water or water of 
crystallization by mixing a hydrocarbon solution 
of said organoaluminum compound with a hydro- 
carbon suspension of an adsorbed water contain- 
ing compound or a water of crystallization con- 
taining compound. 

(4) A hydrocarbon solution of the organoalumi- 
num compound is brought into contact with ice. 
The hydrocarbon solution of the organoaluminum 

compound as illustrated above may contain other 
components so long as they do not exert evil influenc- 
es on the reaction of the organoaluminum compound 
with water. 

The contact of the organoaluminum compound 
and water is performed at a temperature of usually 
from -100° to 150°C, preferably from -70°C to 100°C 
and especially from -50°C to 80°C. The reaction time, 
though varies largely depending on the reaction tem- 
perature employed, is usually 1-200 hours, preferably 
2-100 hours. 

In the benzene-insoluble organoaluminum oxy- 
compound (A-2) as illustrated above, the Al compo- 
nent which dissolves in benzene at 60°C is 10% or 
less, preferably 5% or less in terms of Al atom, and 
thus the oxy-compound is insoluble or only slightly 
soluble in benzene. 

The solubility of the organoaluminum oxy-com- 
pound in benzene is obtained by such a procedure 
that said organoaluminum oxy-compound corre- 
sponding to 100 mg atoms of Al suspended in 100 ml 



of benzene is mixed at 60°C for 6 hours with stirring, 
the resulting mixture is filtered at 60°C by means of 
a G-5 glass filter equipped with a jacket, and the sol- 
ids portion separated on the filter was rinsed four 

5 times with 50 ml of benzene kept at 60°C, followed by 
measuring the amount (x mmol) of Al atoms present- 
ed in the total filtrate (x%). 

In the absorbance, as measured by the infrared 
spectrometry, of the benzene- insoluble organoalumi- 

10 num oxy-compound (A-2), it is desirable that the ratio 
(D 12 6o/D 12 2o) °f tne absorbance (D 126 o) in the vicinity 
of 1260 crrr 1 to the absorbance (D 122 o) jn tne vicinity 
of 1220 crrr 1 is 0.09 or less, preferably 0.08 or less 
and especially 0.04-0.07. 

is In infrared spectrometry of the organoaluminum 

oxy-compound is conducted in the following manner. 

First, the organoaluminum oxy-compound and 
nujor are ground with an agate mortar in the nitrogen 
box to a paste. The pasted specimen is then put be- 

20 tween KBr plates, and IR spectrum of the specimen 
is measured in a nitrogen atmosphere by means of an 
infrared spectrometer IR-810 of Nippon Bunko K.K. 
From the thus obtained IR spectrum, the D 12 6o/D 12 2o 
is obtained in the following manner. 

25 (a) The maximum point in the vicinities of 1280 

cnrr 1 and 1240 crrr 1 , respectively, are linked to- 
gether to draw a line which is then taken as a 
base line L1. 

(b) From the minimum absorption point of the 
30 transmittance (T%) in the vicinity of 1260 cm- 1 , a 

perpendicular line is drawn against a wave num- 
ber axis (axis of abscissae) to read a transmit- 
tance (T D %) at an intersection of the perpendicu- 
lar line and the base line L1, thereby calculating 
35 an absorbance (D 12 6o s log T«/T) in the vicinity of 

1260 cm- 1 . 

(c) In the same manner as above, the maximum 
points in the vicinities of 1280 crrr 1 and 1180 
crrr 1 , respectively, are linked together to draw a 

40 line which is then taken as a base line L2. 

(d) From the minimum absorption point of the 
transmittance (T%) in the vicinity of 1220 cm- 1 , 
a perpendicular line is drawn against a wave num- 
ber axis (axis of abscissae) to read a transmit- 

45 tance (T 0 '%) at an intersection of the perpendic- 

ular line and the base line L2, thereby calculating 
an absorbance (D 12 2o = logT 0 7T). 

(e) From the value thus obtained, D l26 6/D 12 2o is 
calculated. 

so The benzene-soluble organoaluminum oxy-com- 

pound has the D 126 6/ D 1220 value of about 0.10-0.13, 
and the benzene- insoluble organoaluminum oxy- 
compound is apparently different from the prior art 
benzene soluble organoaluminum oxy-compounds. 

55 The benzene- in soluble organoaluminum oxy- 

compounds as illustrated above are presumed to 
have the alkyl oxyaluminum unit (a) represented by 
the following formula: 



5 
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wherein Ri represents a hydrocarbon group of 1-12 
carbon atoms. The hydrocarbon group taken as Ri in 
the above formula includes such groups as methyl, 
ethyl n-propyl, isopropyl, n-butyl, isobutyl. pentyl, 
hexyl, octyl, decyl, cyclohexyl and octyl. Of these 
groups exemplified above, preferred are methyl and 
ethyl, and particularly preferred is methyl. 

In addition to the alkyl oxyaluminum unit (a) of the 
above formula, the benzene-insoluble organoalumi- 
num oxy-compounds mentioned above may contain 
an oxyaluminum unit (b) represented by the following 



R 
I 

— f- Al - O -) 

wherein R* represents a hydrocarbon group of 1-12 
carbon atoms, an alkoxy group of 1-12 carbon atoms 
an aryloxy group of 6-20 carbon atoms, a hydroxy 
group, halogen or hydrogen. In that case, however, 
the groups represented respectively by R* and Ri in 
the above mentioned unit (a) are different from each 
other. 

When the benzene-insoluble organoaluminum 
oxy-compounds as mentioned above contain the oxy- 
alum.num unit (b). it is desirable that said compounds 
contam the alkyl oxyaluminum unit (a) in the propor- 
tion of 30 mol% or more, preferably 50 mol% or more 
especially 70 mol% or more. 

The transition metal compound (B) (hereinafter 
called component (B)" in some cases) of the IVB 
group metals used in the invention and containing a 
ngand having a cyclopentadienyl skeleton is repre- 
sented by the following formula (ii): 
ML X (ji) 

wherein M represents an atom of a transition metal of 
the group IVB metals, concretely zirconium, titanium 
or hafnium. L represents ligands coordinated with a 
transition metal atom, at least one of the ligands L has 
a cyclopentadienyl skeleton, and L other than the lig- 
and having a cyclopentadienyl skeleton represents a 
hydrocarbon group of 1-12 carbon atoms, an alkoxy 
group, an aryloxy group, an aryloxy group, a trialkyl- 
silyl group. S0 3 R group (provided that R is a hydro- 
carbon group which may have such a substituent as 
halogen), halogen atom or hydrogen atom, and x is a 
valence of the transition metal atom. 

The ligands having a cyclopentadienyl skeleton 
a . r f'. ° J reXamp,e - c y clo P e nta<Jtenyl group, alkyl-sub- 
stituted cyclopentadienyl groups such as methylcy- 



clopentadienyl, dimethylcyclopentadienyl. trimethyl- 
cyclopentadienyl, tetramethylcyclopentadienyl. pen- 

Sh? y K y ?° Pentedieny,> eth ycyclopentadienyl, 
methylethylcyclopentadienyl. propylcyclopentadie- 
s nyl. rnethylpropylcyclopentadienyl, butylcyclopenta- 
dienyl. methylbutylcyclopentadienyl and hexylpenta- 
d'enyl, or indenyl group, 4,5,6,7-tetrahydroindenyl 
group and fluorenyl group. These groups as exempli- 

10 V ! 06 substituted a halogen atom or 

io trialkylsilyl group. 

Of the ligands coordinated with the transition 
metel atom, particularly preferred is an alkyl-substt- 
tuted cyclopentadienyl group. 

When the compound represented by the general 
is formula (ii) contains 2 or more ligands each having a 
cyclopentadienyl skeleton, the two ligands out of 
those having a cyclopentadienyl skeleton may be 
linked together through an alkylene group such as 
ethylene or propylene, a substituted alkylene group 
20 such as isopropylidene or diphenylmethylene, a sily- 
lene group or a substituted silylene group such as di- 
mtfhylsflylene, diphenylsilylene or methylphenylsily- 

The ligands L other than those having a cyclo- 
25 pentadienyl skeleton may include those mentioned 
below. 

The hydrocarbon group of 1 -1 2 carbon atoms in- 
cludes such group as alkyl, cycloalkyl. aryl or aralkyl 
™ ?h2 Tu 6 , par,icu,ar| y- «» a'ky group includes me^ 
30 thyl. ethyl, propyl, isopropyl or butyl; the cycloalkyl 
group includes cyclopentlyl or cyclohexyl; the aryl 
group includes phenyl or tolyl; and the aralkyl group 
includes benzyl or neophyl. 

Further, the alkoxy group includes methoxy 
35 ethoxy or butoxy; aryloxy group includes phenoxy- 
the ligand represented by S0 3 R includes p-toluene- 
sulfonate. methanesulfonate or trifluoromethanesul- 
fonate; and the halogen includes fluorine, chlorine 
bromine or iodine. 

When the valence of the transition metal atom is 
for example, 4. the transition metal compound (B) 
containing ligands having a cyclopentadienyl skele- 
ton is represented by the following formula («') in 
more detail. v ' 

R 3 aRWcR 6 dM <iT) 
wherein M represents the same transition metal atom 
as in the formula (ii). R3 represents a group (ligand) 
having a cyclopentadienyl skeleton, R< rs and R« 
each represent a group having a cyclopentadienyl 
so skeleton, alkyl group, cycloalkyl group, aryl group 
aralkyl group, alkoxyl group, aryloxy group, trialkylsi^ 
lyl group. S0 3 R group, halogen atom or hydrogen 
atom, a is an integer of 1 or more, and a+b+c+d=4. 
In the present invention, there is used preferably 
55 a metallocene compound having the above- 
mentioned formula (ii') in which at least one of R< rs 
and R« are the groups <ligands) having a cyclopenta- 
dienyl skeleton, for example, R» and R« are the 

6 
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groups (ligands) having a cyclopentadienyl. 

The groups having a cyclopentadienyl skeleton 
mentioned above may be linked together through an 
alkylene group such as ethylene or propylene, a sub- 
stituted alkytene group such as isopropylene or diphe- 
nylmethyiene, a silylene group or a substituted sily- 
lene group such as dimethytsilylene, diphenylsilylene 
or methylphenylsilyiene. 

Further, R 5 and R 6 in the above-mentioned for- 
mula (ii') are each a group having a cyclopentadienyl 
skeleton, alkyl group, cycloalkyt group, aryl group, ar- 
lakyl group, alkoxyl group, aryloxy group, trialkylsilyl 
group, S0 3 R group, halogen atom or hydrogen atom. 

Exemplified below are the transition metal com- 
pounds (B) of the formula (ii') wherein M is zirconium. 
Bis(indenyl)zirconium dichloride, 
Bis(indenyl)zirconium dibromide, 
Bis(indenyul)zirconium bis(p-toluenesulfonate), 
Bis(4,5,6,7-tetrahydroindenyi)zirconium dichlor- 
ide, 

Bis (fluorenyl)zirconium dichloride, 
Ethylenebis(indeny1)zirconium dichloride, 
Ethylenebis(indenyl)zirconium dibromide, 
Ethylenebis(indenyl)dimethylzirconium, 
Ethylenebis(indeny1)diphenylzirconium, 
Ethylenebis(indenyl)methylzirconium mono- 
chloride, 

Ethylenebis(indenyl)zirconium bis (methane- 
sulfonate), 

Ethylenebis(indenyl)zirconium bis(p-toluene- 
sulfonate), 

Ethylenebis(indenyl)zirconium bis(trifluoro- 
methanesulfonate), 

Ethylenebis(4,5,6,7-tetrahydroindenyi)zirconium 
dichloride, 

lsopropylidene(cydopentadienyl-fluorenyl)zir- 
conium dichloride, 

lsopropylidene(cyclopentadienyl-methylcyclo- 
pentadienyt)zirconium dichloride, 

Dimethylsilylenebis(cyclopentadienyl)zirconium 
dichloride, 

Dimethylsilylenebis(methyl cyclopentadienyl) 
zirconium dichloride, 

Dimethylsilylenebis(dimethylcyclopentadienyl) 
zirconium dichloride, 

Dimethylsilylenebis(trimethyl cyclopentadienyl) 
zirconium dichloride, 

Dimethylsilylenebis(indenyl)zirconium dichlor- 
ide, 

Dimethylsilylenebis(indenyl)zirconium bis(tri- 
f luoromet hane-sulfonate), 

Dimethylsilyienebis(4,5,6,7-tetrahydroindenyi) 
zirconium dichloride, 

Dimethylsilylene(cyclopentadienyl-fluorenyl) 
zirconium dichloride, 

Diphenylsilylenebis(indenyl)zirconium dichlor- 
ide, 

Methylphenylsilylenebis(indenyl)zirconium di- 



chloride, 

Bis(cyclopentadienyl)zirconium dichloride, 
Bis(cyclopentadienyl)zirconium dibromide, 
Bis(cydopentadienyl)methylzirconium mono- 
5 chloride, 

Bis(cyclopentadienyl)ethylzirconium mono- 
chloride, 

Bis(cyclopentadienyl)cydohexy1zirconium mono- 
chloride, 

10 Bis(cydopentadienyl)phenylzirconium mono- 

chloride, 

Bis(cyclopentadienyl)benzylzirconium mono- 
chloride, 

Bis(cydopentadienyl)zirconium monochloride 
15 mono hydride, 

Bis(cyclopentadienyl)methylzlrconium mono- 
hydride, 

Bis(cydopentadienyl)dimethylzirconium, 
Bis(cydopentadienyl)diphenylzirconium, 
20 Bis(cydopentadienyl)dibenzylzirconium, 

Bis(cydopentadienyl)zirconium met hoxy chlor- 
ide, 

Bis(cydopentadienyl)zirconium ethoxychloride, 
Bis(cydopentadienyl)zircontum bis(methane- 
25 sulfonate), 

Bis(cydopentadienyl)ztrconium bis(p-toluene- 
sulfonate), 

Bis(cyclopentadienyl)zirconium bis(trifluoro- 
methanesulfonate), 
30 Bis(methylcydopentadienyl)zirconium dichlor- 

ide, 

Bis(dimethylcydopentadienyl)zirconiumdichlor- 

ide, 

Bis(dimethylcydopentadienyl)zirconium ethoxy- 
35 chloride, 

Bis(dimethy!cydopentadienyl)zirconium 
bis(triftuoromethanesulfonate), 

Bis(ethylcylopentadienyl)zirconium dichloride, 
Bis(methylethylcydopentadienyl)zirconium 
40 dichloride, 

Bis(propylcydopentadienyl)zirconium dichlor- 
ide, 

Bis(methylpropylcyclopentadienyl)zirconium 
dichloride, 

45 Bis(butylcylcopentadienyl)zirconium dichlor- 

ide, 

Bis(methytbutylcydopentadienyl)zirconium di- 
chloride, 

Bis(methylbutylcydopentadienyl)zirconium bis 
50 (methanesulfonate), 

Bis(trimethylcyclopentadienyl)zirconium di- 
chloride, 

Bis(tetramethylcydopentadienyl)zirconium di- 
chloride, 

55 Bis(pentamethylcydopentadieny1)zirconium di- 

chloride, 

Bis(hexylcyclopentadienyl)zirconium dichlor- 
ide, and 
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B ' s ( tri ^ethylsilylcyclopetnadienyl)zirconium 
dichloride. 

In the compounds exemplified above, the di-sub- 
sbtuted cyclopentadienyl ring includes 1,2- and 1 3- 
substituted compounds, and the tri-substituted cyclo- s 
pentadienyl ring includes 1,2,3- and 1 ,2,4-substituted 
compounds. Further, the alkyl group such as propyl 
or butyl includes isomer such as n-, i- f sec-, tert- 
compounds, 

In the present invention, the above-exemplified w 
zirconium compounds in which the zirconium has 
been replaced by titanium or hafnium can also be 
used as the transition metal compounds (B). 

These transition meal compounds as illustrated 
above may be used either singly or in combination of is 
two or more, or may be used by diluting them with hy- 
drocarbons or halogenated hydrocarbons. 

In the present invention, preferably used as the 
transition metal compounds (B) are zirconocene com- 
pounds in which the central metal atom is zirconium 20 
and at least two ligands having a cyclopentadienyl 
skeleton are contained. 

The hydrogenated organoaluminum compounds 
<C) used in the invention are represented by the fol- 
lowing formula (iii). 

' 25 
H„AIRV„ 

wherein R7 represents an alkyl group, cycloalkyl or 

aryl group, and n is 1 or 2. 

The hydrogenated organoaluminum compounds 

(C) as illustrated above include concretely such com- 30 

pounds as listed below. 

Dimethylaluminum hydride, diethylaluminum hy- 
dride, dihydrophenylaluminum, diisopropylaluminum 
hydride, di-n-butyl-aluminum hydride, diisobutylalu- 
m.num hydride, diisohexylaluminum hydride, diphe- 35 
nylaluminum hydride, dicyclohexylaluminum hydride 
dnsec-heptylaluminum hydride, di-sec-nonylalumi- 
num hydride, etc. 

Of these compounds exemplified above, prefer- 
red is dialkylaluminum hydride, and particularly pre- 40 
ferred is diisobutylaluminum hydride. 

The second olefin polymerization catalysts of the 
represent invention are solid catalysts for olefin poly- 
merization comprising the above-mentioned orga- 
noaluminum oxy-compound (A), the transition metal 45 
compound of the group IV metals containing a ligand 
having a cyclopentadienyl skeleton (B), the hydro- 
genated organoaluminum compound (C), and a par- 
ticulate carrier (D). 

The particulate carrier (D) used herein includes so 
such carriers as listed below. 

Natural porous minerals such as acid clay diato- 
maceous earth and pumice; inorganic oxides such as 
alumina, silica, silica alumina, titania and magnesium- 
zeolite (crystalline aluminosilicate) such as mordenite 55 
or enonite; compounds having a layer structure such 
as montmorillonite, vermiculite, zirconium phosphate 
fluorotetrasilicate and mica; carbon carriers such as 



graphite and activated carbon; and organic com- 
pound carriers such as divinyl benzene-crossl inked 
polystyrene and polyacrylic acid esters. 

Of the carrier compounds exemplified above 
preferred are the inorganic oxides. 

The particulate carrier (D) used in the invention 
has an average particle diameter of usually 0.1-200 
nm, preferably 1-100 urn, a specific surface area of 
usually 50-1,000 mVg, preferably 100-700 m2/g, and 
a pore volume of preferably 0.3-2.5 cm 3 /g. 

It is also desirable that this particulate carrier (D) 
has an amount of adsorbed water of less than 1 0% 
by weight, preferably less than 0.5% by weight, and 
a surface hydroxyl group in an amount of 1.0% by 
weight or more, preferably 1.2-4.0% by weight and es- 
pecially 1.5-3.0% by weight 

The amount of adsorbed water (% by weight) and 
that of the surface hydroxyl group are obtained by the 
following procedures. 

(Amount of adsorbed water) 

The specimen is dried at a temperature of 200°C 
an ordinary pressure and in a nitrogen stream for 4 
hours to measure a weight loss which is then taken 
as the amount of adsorbed water. 

(Surface hydroxyl group) 
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The weight measured by drying the carrier at a 
temperature of 200°C, an ordinary pressure in a nitro- 
gen stream for4 hours is taken as X (8) , and the carrier 
as dried is then calcined at a temperature of 1,000°C 
for 20 hours to obtain a calcined product from which 
the surface hydroxyl groups have disappeared, and 
the weight of the calcination product as measured is 
taken as Y (g). The amount of the surface hydroxyl 
groups is calculated on the basis of the followinq 
equation. 9 
Surface hydroxyl group (wt %) = {(X - Y)/X) x 100 
The use of the particulate carriers (D) having 
such a specific amount of adsorbed water and the 
surface hydroxyl groups come to obtain olefin poly- 
merization catalysts capable of preparing olefin poly- 
mers excellent in particle properties with high poly- 
merization activity. 

The third olefin polymerization catalysts of the in- 
vention comprises the solid catalyst formed from the 
aforementioned catalyst components (A) - (D), and an 
organoaluminum compound (E). 

The organoaluminum compounds (E) used in the 
invention include, for example, those represented by 
the following formula (iv). 

R 7 nAIX3. n (iv) 
wherein R 7 represents a hydrocarbon group of 1-12 
carbon atoms, X represents halogen, and n is 1-3. 

In the above-mentioned formula (iv), R7 j s a hy- 
drocarbon group of 1-12 carbon atoms, for example 
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alkyi, cycloaikyl or aryt, and more particularly include 
methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, 
hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. 

Such organoaluminum compounds as used here- 
in include those as listed below. s 

Trialkylaluminum such as trimethylaluminum, 
triethylaluminum, tri isopropyl alum in urn, triisobutyla- 
luminum, trioctylaluminum, tri-2-ethylhexylaluminum, 
etc; alkenylaluminum such as isoprenyfaluminum 
etc.; dialkylaluminum halides such as dimethyialumi- 10 
num chloride, diethylaluminum chloride, diisopropyla- 
luminum chloride, diisobutylaluminum chloride, dime- 
thylaluminum bromide, etc; alkylaluminum sesquiha- 
lides such as methylaluminum sesquichloride, ethy- 
laluminum sesquichloride, ispropylaluminum sesqui- 15 
chloride, butylaluminum sesquichloride, ethylalumi- 
num sesquibromide, etc.; and alkylaluminum diha- 
lides such as methylaluminum dichloride, ethyl alumi- 
num dichloride, isopropylaluminum dichloride, ethyla- 
luminum dibromtde, etc. 20 

The compounds represented by the following for- 
mula (v) can also be used as the organoaluminum 
compounds (E). 

R 7 nAIY^ n (v) 
wherein R 7 is the same as defined in the above for- 25 
mula (iv), Y represents -OR 8 , -OSiRVOAIR™* -NR" 2 . 
-SiRi2 3 or-N(Ri3)AIRi4 2i n is 1-2, R 8 ,R 9 and R 14 each 
represent methyl, ethyl, isopropyl, isobutyl, cyclohex- 
yl, phenyl or trimethylsilyl, R 11 represents hydrogen 
atom, methyl, ethyl, isopropyl, phenyl or trimethylsi- 30 
lyl, and R 12 and R 13 each represent methyl or ethyl. 

The organoaluminum compounds of the formula 
(v) used herein include such compounds as enumer- 
ated below. 

(1) The compound represented by R 7 n AI(OR 8 )3. n 35 
including, for example, dimethyl aluminum meth- 
oxide, diethylaluminum ethoxide, diisobutylalu- 
minum methoxide, etc., 

(2) the compound represented by R 7 n AI(OSiR 9 3 ) 3 . 

n including, for example, Et 2 AI(OSiMe 3 ), (iso- 40 
Bu) 2 AI(OSiMe 3 ), (iso-Bu)2AI(OSiEt 3 ), etc., 

(3) the compound represented by R 7 nAI- 
(OAIR 10 2)*n including, for example, Et 2 AIOAIEt 2 , 
(iso-Bu) 2 AIOAI(iso-Bu) 2 , etc., 

(4) the compound represented by R 7 nAI(NR 11 2)3- n 
including, for example, Me 2 AINEt 2l Et 2 AINHMe, 
Me 2 AINHEt, Et 2 AIN(SiMe 3 ) 2 , (iso-Bu) 2 AIN(Si- 
Me 3 ) 2 , etc. 

(5) the compound represented by R 7 nAI(SiR 12 3 )3_ n 
including, for example, (iso-Bu) 2 AISiMe 3 , etc., so 
and 

(6) the compound represented by R 7 nAI(N(R 13 ) 
AIR 14 ^,, including, for example, Et 2 AIN(Me) 
AIEt 2 , (iso- Bu) 2 AIN(Et)AI(iso-Bu) 2 . 

Of the organoaluminum compounds represented 55 
by the above-mentioned formulas (iv) and (v), respec- 
tively, preferred arethose represented bythe formula 
R 7 sAI, RyUfOR 8 )^ and R 7 n AI(OAIR 1 <> 2 ) 3 . n , respec- 



tively, and particularly preferred are those in which R 7 
is an isoalkyl group and n = 2. These organoaluminum 
compounds may also be used as a mixture of two or 
more. 

The first olefin polymerization catalysts of the in- 
vention comprises the above-mentioned catalyst 
components (A), (B) and (C). These catalyst compo- 
nents may be added, as they are, to the polymeriza- 
tion system, however, it is desirable that they are 
brought into contact beforehand into contact by mix- 
ing with one another, followed by addition to the poly- 
merization system. 

The contact of the components (A), (B) and (C) 
may be performed in an inert solvent, and said com- 
ponents may be brought into contact with one another 
in any order. 

In practicing the contact of the catalyst compo- 
nents (A), (B) and (C), the transition metal compound 
(B) is used in an amount of usually about 10r* ~ 2 x 
10- 2 mol/liter-solvent, preferably 2 x 10r* - 1f> 2 
mol/liter-solvent The organoaluminum oxy-com- 
pound (A) is used in an amount of usually 10 - 500, 
preferably 20 - 200 in terms of the gram atom ratio 
(Al/transition metal) of the aluminum atom in the com- 
pound (A) to the transition metal in the transition met- 
al compound (B). The hydrogenated aluminum oxy- 
compound (C) is used in an amount of usually 0.01- 
3, preferably 0.05-2.0 in terms of the gram atom ratio 
(AI-C/AI-A) of the aluminum atom (Al-A) in the com- 
pound (C) to the aluminum atom (Al-A) in the orga- 
noaluminum oxy-com pound (A). 

The contact temperature of the catalyst compo- 
nents (A), (B) and (C) is usually from -50°C to 200°C, 
preferably from -20 to 150°C, and the contact time is 
1-3,000 minutes, preferably 5-1,200 minutes. At the 
time of practicing the contact of these catalyst com- 
ponents by mixing, the mixing time may be varied. 

The second olefin catalysts of the invention are 
formed by bringing the above-mentioned catalyst 
components (A), (B), (C) and (D) into contact (mixing) 
with one another. 

In practicing the contact of the catalyst compo- 
nents (A), (B), (C) and (D), these components are 
brought into contact with one another in any order, 
however, preferably the particulate carrier (D) and 
the organoaluminum oxy-com pound (A) are brought 
into contact by mixing with each other, followed by 
contact with the hydrogenated organoaluminum com- 
pound (C) and the transition metal compound (B) of 
the group IVB metals containing a ligand having a cy- 
clopentadienyl skeleton in that order, or the particu- 
late carrier (D) and the organoaluminum oxy-corrv 
pound (A) are brought into contact by mixing with 
each other, followed by contact with the transition 
metal compound (B) of the group IVB metals contain- 
ing a ligand having a cyclopentadienyl skeleton and 
the hydrogenated organoaluminum compound (C) in 
that order. 
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In practicing the contact of the catalyst compo- 
nents (A), (B), (C) and (D), the transition metal com- 
pound (B) is used in an amount of usually about 
10- - 2x 10- 2 mol/liter-solvent, preferably 2 x 10- ~ 
10-2 mol/liter-solvent The transition metal compound 
(B) is used in an amount of usually 5 x 10-* - 5 x 
10-2 mo), preferab | y 10-* ~ 2 x 10-mol based on 1 g 
of the particulate carrier (D). The organoaluminum 
oxy-compound (A) is used in an amount of usually 10- 
500. preferably 20-200 in terms of the gram atom ratio 
(Al/transition metal) of aluminum atoms in the com- 
pound (A) to transition metal atoms in the transition 
metal compound (B). The organoaluminum oxy-com- 
pound (A) is also used in an amount of usually 0 1 - 
0.4, preferably 0.15 - 0.3 in terms of the gram atom 
rat.o (OH/AI-A) of the surface hydroxyl group (OH) of 
the particulate carrier (D) to aluminum (Al-A) of the 
organoaluminum oxy-compound (A). The hydrogen- 
ated organoaluminum compound (C) is used in an 
amount of usually 0.01 - 3, preferably 0.05 - 2 0 in 
terms of the gram atom ratio (AI-C/AI-A) of aluminum 

a£Z^:?. i '\ Said ^P™" 0 " (O to aluminum 
atoms (Al-A) in the organoaluminum oxy-compound 
(A). 

In practicing the contact of the catalyst compo- 
nents (A), (B), (C) and (D), the contact temperature 
employed is usually from -50 to 200»C. preferably 
from -20 to 150°C, and the contact time employed is 
1-3 000 minutes, preferably 5-1,200 minutes. In par- 
ticular the temperature at which the components (A) 
and (D) are brought into contact with each other is 
usually 30-200-C. preferably 60-1 50°C. At the time of 
prachcing the contact of these catalyst components, 
the mixing time employed may be varied. 

In the second olefin polymerization catalysts (sol- 
id catalysts for olefin polymerization), it is desirable 
that the transition metal atoms derived from the tran- 
sition metal compound (B) are carried in an amount 
based on 1 g of the particulate carrier (D), of usually 
about 5 x 10- ~ 5 x 10- gram atom, preferably 10^ 
- 2x10- gram atom on said carrier (D). and the alu- 
minum atoms derived from the organoaluminum oxy- 
compound (A) and the hydrogenated organoalumi- 
num compound (C), respectively, are carried in an 
amount of usually about 2 x 10- - 2 x 10- gram atom 
preferably 2x10-3-5x10-2 gram atom on said car- 
rier (D). 

The third olefin polymerization catalysts of the in- 
vention comprise the above-mentioned solid catalyst 
(component) for olefin polymerization and the orga- 
noaluminum compound (E). 

The fourth olefin polymerization catalysts of the 
invention are prepolymerized olefin polymerization 
catalysts formed by prepolymerization of olefin on a 
catalyst component comprising the catalyst compo- 
nents (A), (B). (C) and (D). P 

The prepolymerized olefin polymerization cata- 
lysts are obtained by prepolymerization of olefin in the 



presence of the catalyst components (A),<B). (C), and 
(D). Usually, however, the prepolymerization of olefin 
is carried out in the presence of the above-mentioned 
solid catalyst (component) for olefin polymerization 
s or in the presence of a solid catalyst component com- 
prising the above-mentioned catalyst components 
(A), (B) and (D), and the catalyst component (C). 

The solid catalyst component is prepared by con- 
tacbng components (A). (B) and (D) in an inert solvent 
»o in a similar manner as that of the solid catalyst. 

In practicing the prepolymerization. the transition 
metal compound (B) is used in an amount of usually 
10-0-2x10-2 mol/liter (polymerization volume), pre- 
ferably 5 x 10* - 10-2 mol/lrter, and this transition 
is metal compound (B) is used in an amount, based on 
1 g of the particulate carrier (D), of usually 5x10-- 
5 x 10- mol, preferably 10-* - 2 x 10- mol as transi- 
tion metal. The organoaluminum oxy-compound (A) is 
used in an amount of usually 10-500, preferably 20- 
20 200 in terms of the atomic ratio (Al/transition metal) 
of aluminum of said compound (A) to transition metal 
of the transition metal compound (B). The hydrogen- 
ated organoaluminum compound is used in an 
amount of usually 0.01-3, preferably 0.05-2 in terms 
» of the atomic ration (AI-C/AI-A) of aluminum atom (Al- 
C) of the compound (C) to aluminum atom (Al-A) of 
the organoaluminum oxy-compound (A). 

In that case, the organoaluminum compound (E) 
may be used, if necessary. When the organoalumi- 
30 num compound (E) is used, the amount of the com- 
pound (E) used is usually not more than 200 mols 
preferably 3-1 50 mols based on 1 g of transition metal 
atom in the transition metal compound (B). 

When the prepolymerization is carried out in the 
as presence of the aforementioned solid catalyst (com- 
ponent) for olefin polymerization is used in an amount 
of usually 10- - 2 x 10-2 mol/liter(polymerization vol- 
ume), preferably 5 x 10-*- 10-2 mol/liter in terms of 
tne transition metal compound (B). 
40 In that case, the hydrogenated organoaluminum 

compound (Q and/or the organoaluminum com- 
pound (E) may be used. When the compound (C) 
and/or (E) are used, these aluminum compounds are 
used in an amount of usually not more than 200 mols, 
45 preferably 3-150 mols based on 1 gram atom of tran- 
srt.on metal in the transition metal compound (B). 

When the prepolymerization is carried out in the 
presence of the above-mentioned solid catalyst com- 
ponent and the component (C), said solid catalyst 
50 component is used in an amount of usually 10-« - 2 
x 10-2 mol/liter (polymerization volume), preferably 5 
x 1 0- - 1 0-2 mol/liter in terms of the transition metal 
compound (B), and the hydrogenated organoalumi- 
num compound (C) is used in an amount of usually 

» ,1? '£? 0,05 ~ 2 in terms of the atom * ra- 
tion (AI-C/AI-A) of aluminum atom .(AI-C) of said com- 
pound (C) to aluminum atom (Al-A) of the component 
(A) in said solid catalyst component 



10 



m 



19 



BP 0 582 480 A2 



20 



In that case, the organoaluminum compound (E) 
may also be used. When this organoaluminum com- 
pound (E) is used, the amount of said compound (E) 
used is not more than 200 mols, preferably 3-150 
mols based on 1 g of transition metal atoms in the 5 
transition metal compound (B). 

The polymerization temperature employed is 
usually from -20 to 80°C, preferably 0-50°C, and the 
prepoiymerization time employed is usually 0.5-100 
hours, preferably 1-50 hours. 10 

In practicing the prepoiymerization, there may be 
used the same olefin as used at the time of polymer- 
ization mentioned later, however, preferred are those 
consisting essentially of ethylene. 

The prepoiymerization may be carried out by any 1 5 
of the batchwise, semi-continuous and continuous 
methods. 

The pre polymerized polymerization catalysts of 
the invention thus prepared desirably contain the 
polymer formed at the time of prepoiymerization in an 20 
amount of usually about 0.1-500 g, preferably 0.03- 
300 g and especially 1-100 g based on 1 g of the par- 
ticulate carrier (D). 

The fifth olefin polymerization catalysts of the in- 
vention comprise the prepolymerized polymerization 25 
catalyst (component) as mentioned above and the or- 
ganoaluminum compound (E). 

In the invention the olefin polymerization cata- 
lysts may also contain other components useful for 
olefin polymerization in addition to the components 30 
as mentioned hereinabove. 

The olefin polymerization catalysts of the inven- 
tion are capable of polymerizing olefin with excellent 
polymerization activities, even when the content of 
the organoaluminum oxy-compound is small. 35 

Further, the prepolymerized polymerization cata- 
lysts of the invention are excellent in particle proper- 
ties in comparison with the prior art prepolymerized 
polymerization catalysts. 

When olefins are polymerized by the use of the 40 
olefin polymerization catalysts, particularly the pre- 
polymerized polymerization catalysts, olefin poly- 
mers excellent in particle properties may be pre- 
pared. 

The method for olefin polymerization of the in- 45 
vention is to polymerize or co polymerize olefins in the 
presence of the olefin polymerization catalysts as il- 
lustrated hereinbefore. 

The olefin used at the time of polymerization in- 
cludes a-olefin of 2-20 carbon atoms, concretely so 
ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 
4-methyl-1-pentene, 1-octene, 1-decene, 1-dode- 
cene, 1-tetradecene, 1-hexadecene, 1-octadecene, 
1-eicosene, etc. 

Further, there may also be used cyclopentene, 55 
cycloheptene, norbornene, 5-methyl-2-norbornene, 
tetracyclododecene, 2-methyl-1 ,4,5,8-dimethano- 
1, 2,3,4 ,4a,5,8,8a-octahydronaphthalene, styrene, vi- 



nylcyclohexane, dienes, etc. 

In practicing the polymerization, it is desirable 
that the olefin polymerization catalyst is used in an 
amount of usually 10-*- 10- 3 gram atom, preferably 
1 0r 7 - 1 0r* gram atom per 1 liter of polymerization vol- 
ume in terms of transition metal atoms in the transi- 
tion metal compound (B). 

The organoaluminum compound (E) used togeth- 
er with the solid catalyst or the prepolymerized poly- 
merization catalyst is used in an amount of 0 - 500 
mols, preferably 5 - 200 mols per 1 gram atom of the 
transition metal atom. 

In practicing the polymerization, there are used 
further the aforementioned organoaluminum oxy- 
compound (A) and hydrogenated organoaluminum 
compound (C), if necessary. It is desirable that such 
aluminum compounds as mentioned above are used 
in an amount of 0-500 mols, preferably 5-200 mols per 
1 gram atom of the transition metal atom. 

In the invention, the polymerization may be car- 
ried out according to the liquid phase polymerization 
or the vapor phase polymerization. 

When the polymerization is carried out according 
to the liquid phase polymerization, there may be used 
as the polymerization solvent aliphatic hydrocarbons 
such as propane, butane, pentane, hexane, heptane, 
octane, decane, dodecane, kerosene, etc.; al icy die 
hydrocarbons such as cyclopentane, cyclohexane, 
met hylcyclo pentane, etc.; aromatic hydrocarbons 
such as benzene, toluene, xylene, etc.; and halogen- 
ated hydrocarbons such as ehtylenechloride, chloro- 
benzene, dichloromethane, etc. These solvents ex- 
emplified above may be used either singly or in com- 
bination. Further, it is also possible to the olefin itself 
as a solvent 

In the present invention, the temperature at 
which the polymerization of olefins is carried out in 
the presence of the aforementioned olefin polymeri- 
zation catalysts is usually from -50 to 150°C, prefer- 
ably 0-1 00°C, The pressure under which the polymer- 
ization is carried out usually from normal pressure to 
50 kg/cm 2 . 

The polymerization may be carried out by any of 
the batchwise, semi-continuous and continuous 
methods. Further, the polymerization may also be 
carried out in two or more stages under the reaction 
conditions different from one another. 

The molecular weight of the olefin polymer thus 
obtained may be modified by allowing hydrogen to ex- 
ist in the polymerization system, or by varying the 
polymerization temperature employed. 

EFFECT OF THE INVENTION 

The olefin polymerization catalysts of the present 
invention comprise the aluminum oxy-compound, the 
transition metal compound of the group IVB metals 
containing a ligand having a cylopentadienyl skele- 
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ton, the hydrogenated organoaluminum aluminum 
compound and preferably a particulate carrier, and 
hence are capable of polymerizing the olefin with ex- 
cellent polymerization activities. 

The prepolymerized olefin polymerization cata- 6 
lysts of the invention are excellent in polymerization 
activities as well as in particle properties. 

Further, the olefin polymers prepared by using 
the oef.n polymerization catalysts are excellent in 
particle properties. The method for olefin polymeriza- ,o 
t.on is capable of preparing olefin polymers in high 
yields because the olefins are polymerized in the 
presence of such olefin polymerization catalysts as il- 
lustrated hereinbefore. Further, by the use of the cat- 
alysts of the present invention, it becomes possible to is 
perform a long-term stable operation of vapor phase 
polymerization to obtain polyolef ins, preferably poly- 
ethylene especially straight chain low density poly- 
ethylene. 

The present invention is illustrated below in more 20 
detail with reference to examples. It should be cont- 
strued that the invention is in no way limited to those 
examples. 

In the following examples, MFR of the ethylene 
copolymers obtained was measured at 190°C under 25 
a load of 2.1 6 kg. 

The density was measured by means of a density 
gradient tube using the strand obtained at the time of 
measuring MFR at 190°C under a load of 2 16 kq 
which was heat treated at 120°C for 1 hour, followed 30 
by cooling gradually to room temperature over a per- 
iod of 1 hour. 

Average particle diameter of the polymers ob- 
tained and the content of the particulate polymers 
having a particle diameter of not more than 100 urn 35 
were measured by means of a sieve. 



Example 1 

fPreparation of prepolymerized polymerization 
catalyst (1)] 



40 



was poured into a 200 ml glass flask, and the flask 
was then charged with 100 ml of toluene and 3.4 ml 
of a toluene solution (Zr; 0.0303 mol/liter) of bis(1-me- 
thyl-3-n-butylcyclopentadienyl)zirconium dichloride. 
followed by elevating in temperature to 80°C and stir- 
ring for 2 hours. This suspension was washed three 
times with 200 ml of hexane, and the suspension was 
brought up to 200 ml with the addition of hexane 

Subsequently, 7.7 ml of a decane solution of dii- 
sobutylaluminum hydride (AJ; 1.0 mol/liter) and 1.4 ml 
of 1-hexene were added to this suspension, and the 
prepolymerization was carried out at 35°C for 5 hours 
introducing continuously ethylene under atmospheric 
pressure to obtain a suspension of a prepolymerized 
polymerization catalyst (1). In that case, no adhesion 
of the prepolymerization catalyst to the reactor wall 
was observed. 

The prepolymerized polymerization catalyst (1) 
thus obtained contained, based on 1 g of silica. 3 5 
mg of zirconium, 224 mg of aluminum and 10 g of an 
ethylene/1-hexene copolymer. This prepolymerized 
polymerization catalyst was spherical, and a photo- 
graph of an optical microscope thereof was shown in 
rig. 2. 

In the polymerization mentioned later, this sus- 
pension of the prepolymerized polymerization cata- 
lyst (1) was used, as it was. 

(Polymerization) 



A thoroughly nitrogen-purged 1 -liter glass flask 
was charged with 34.5 g of silica (a product of Fuji Da- 
vison Co., amount of adsorbed water; not more than 45 
0-1 /, by weight, content of hydroxyl group; 2 4 % by 
weight) and 500 ml of toluene to obtain a suspension 
which was then cooled atO'C. To this suspension was 
added dropwise while keeping the temperature within 
the system at 0»C 182 ml of a toluene solution of an so 
organoaluminum oxy-compound (a product of Scher- 
mg Co., aluminoxane (Lot No. TB6-49) Al- 1 45 
mol/liter) over a period of 45 minutes. Thereafter, the 
suspension was elevated in temperature to 95°C and 
allowed to react for 20 hours, followed by washing 55 
three times with toluene and adding toluene to make 
a suspension of 700 ml. 

A 50 ml portion of the thus obtained suspension 

12 



A thoroughly nitrogen-purged 2-liter stainless 
steel autoclave was charged with 150 g of sodium 
chloride (a special grade product of Wako Junyaku 
K.K.), followed by vacuum drying at 90°C for 1 hour 
Thereafter, a mixed gas (1-butene content; 5.0 mol%) 
of ethylene and 1-butene was introduced into the au- 
toclave, thereby bringing back to normal pressure 
and maintaining the temperature in the system at 

Subsequently, 0.5 ml of a decane solution of trii- 
sobutylaluminum (Al; 1.0 mol/liter) and further 10 ml 
of a suspension (0.005 mg atom in terms of zirconium 
atom) of the prepolymerized polymerization catalyst 
(1) as prepared above were added to the autoclave 
Thereafter, the above-mentioned mixed gas of 
ethylene and 1-butene was introduced into the auto- 
clave to initiate polymerization at a total pressure of 8 
kg/cm*-G. The temperature within the system rose 
immediately to 80°C. Thereafter, only the above- 
mentioned mixed gas is replenished while maintain- 
ing the total pressure at 8 kg/cm^-G. and polymeriza- 
tion was carried out at 80°C for 90 minutes. 

After the completion of the polymerization, the 
sodium chloride was removed by water washing, and 
the remaining polymer was washed with methanol, 
followed by vacuum drying at 80°C overnight 

Thus, there was obtained 433 g of an ethylene/1- 
butene copolymer. 
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The ethylene/1 -butene copolymer thus obtained 
had MFRof0.6 g/10 min, a density of 0.910 g/cm 3 , a 
bulk specific gravity of 0.48 g/cm 3 , an average partic- 
le diameter of polymer of 700 urn, and a content of 
particulate polymer having a particle diameter of not s 
more than 100 urn of 0.04 % by weight. 

Example 2 

[Preparation of prepolymerized polymerization 10 
catalyst] 

The same procedure as in Example 1 was repeat- 
ed except that the amount of the decane solution (Al; 
1.0 m/liter) of diisobutyialuminum hydride used was 15 
changed to 3.9 ml, whereby a prepolymerized poly- 
merization catalyst was obtained. The prepolymer- 
ized polymerization catalyst thus obtained was sphe- 
rical in shape. 

20 

(Polymerization) 

Thereafter, the same procedure as in Example 1 
was repeated except that the above-obtained prepo- 
lymerized polymerization catalyst was used, whereby 25 
328 g of an ethylene/1 -butene copolymer. 

The ethylene/1 -butene copolymer thus obtained 
had MFR of 0.7 g/10 min, a density of 0.910 g/cm 3 , a 
bulk specific gravity of 0.48 g/cm 3 , a polymer average 
particle diameter of 650 urn, and a content of partic- 30 
ulate polymer having a particle diameter of not more 
than 100 urn of 0.06% by weight. 

Example 3 

35 

[Preparation of prepolymerized polymerization 
catalyst (2)] 

A thoroughly nitrogen- purged 1 liter glass flask 
was charged with 34.5 g of silica (a product of Fuji Da- 40 
vison Co., adsorbed water not more than 0.1 % by 
weight, hydroxyl group content; 3.3 % by weight) and 
500 ml of toluene, and the mixture in a suspended 
state was cooled to 0°C. To this suspension, while 
maintaining the temperature within the system at 45 
0°C, was added dropwise over a period of 45 minutes 
66 ml of a toluene solution of organoaluminum oxy- 
compound (a product of Schering Co., methylalumi- 
noxane, Al; 4.00 mol/liter) over a period of 45 minutes. 
Thereafter, this suspension was heated up to 95 °C to so 
react for 4 hours, and the reaction mixture was wash- 
ed three times with toluene to obtain 700 ml of a sus- 
pension with the addition of toluene. 

A 50 ml portion of the thus obtained suspension 
was poured into a 200 ml glass flask which was then 55 
charged with 100 ml of toluene, 1.4 ml of a toluene sol- 
ution (Al; 1 mol/liter) of diisobutyialuminum hydride, 
and the resulting suspension was heated up to 95°C 



to react for 4 hours. Thereafter, this suspension was 
washed three times with 200 ml of toluene to obtain 
a suspension of 150 ml with the addition of toluene. 

Subsequently, this suspension was charged with 
3.6 ml of a toluene solution (Zn 0.0303 mol/liter) of 
bis(1-methyl-3-n-buty1cyclopentadienyl)zirconium 
dichloride, and was heated up to 80°C and the result- 
ing mature was stirred for 2 hours at 80°C. This sus- 
pension was washed three times with 200 ml of hex- 
ane to obtain 200 ml of a suspension with the addition 
of hexane. 

To this suspension were added 6.1 ml of a de- 
cane solution (Al; 1.0 mol/liter) of triisobutyl aluminum 
and 1.4 ml of 1-hexene, and ethylene gas (normal 
pressure) was continuously introduced into said sus- 
pension to carry out prepolymerization at 35°C for 5 
hours, whereby a prepolymerized catalyst (2) was ob- 
tained. In that case, no adhesion of a prepolymerized 
catalyst to the reactor wall was observed. 

The prepolymerized catalyst (2) contained, 
based on 1 g of silica, 3.6 mg of zirconium, 228 mg of 
aluminum and 10 g of an ethylene/1 -hexene copoly- 
mer. The prepolymerized catalyst (2) thus obtained 
was spherical in shape. 

In the following polymerization, the suspension 
thus obtained was used, as it was. 

(Polymerization) 

The same polymerization as in Example 1 was re- 
peated except that the suspension of the prepolymer- 
ized catalyst (2) as obtained above was used in place 
of the suspension of the prepolymerized catalyst (1), 
whereby 416 g of an ethylene/1 -butene copolymer 
was obtained. 

The ethylene/1-butene copolymer thus obtained 
had MFR of 0.7 g/10 min, a density of 0.908 g/cm 3 , a 
bulk specific gravity of 0.47 g/cm 3 , an average partic- 
le diameter of polymer of 770 um, and a content of 
particulate polymer having a particle diameter of not 
more than 100 u.m of 0.01 % by weight. 

Comparative Example 1 

[Preparation of prepolymerized catalyst] 

The same procedure as in Example 1 was repeat- 
ed except that triisobutylaluminum was used in place 
of the diisobutyialuminum hydride, whereby a prepo- 
lymerized catalyst was obtained. 

The prepolymerized catalyst had feather-like pro- 
jections on its surface, and a photograph of an optical 
microscope of the catalyst was shown in Fig. 3. 

(Polymerization) 

Same procedure as in Example 1 was repeated 
except that the prepolymerized catalyst obtained 
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above was used in place of the prepolymerized cata- 
lyst (1), whereby 249 g of an ethylene/1 -butene copo- 
lymer was obtained. 

The thus obtained ethylene/1 -butene copolymer 
had MFR of 0.7 g/10 min, a density of 0.911 g/cm 3 , a 
bulk specific gravity of 0.47 g/cm 3 , an average partic- 
le diameter of 580 urn, and a content of particulate 
polymer having a particle diameter of not more than 
100 jim of 0.03 % by weight. 

Example 4 

[Preparation of prepolymerized catalyst (3)] 



spherical shape. Fig. 4 shows a photograph of an opt- 
ical microscope of this prepolymerized catalyst 

(Polymerization) 

A thoroughly nitrogen-purged 2-liter stainless 
steel autoclave was charged with 1 liter of hexane, 
and the system was purged with ethylene gas. Sufch 
sequently, 40 ml of 1-hexene was added to the auto- 
clave, and the system was heated up to 70°C. There- 
after, to the autoclave were added 0.75 ml of a de- 
cane solution (Al; 1.0 mol/liter) of triisobutylaluminum 
and 0.005 mmols of the above-obtained prepolymer- 
ized catalyst (3) to initiate polymerization. 

While feeding ethylene continuously, polymeriza- 
tion was carried out at a total pressure of 8 kg/crr^-G 
and 80°C for 1.5 hours to obtain 445 g of an ethy- 
lene/1 -hexene copolymer. 

The thus obtained ethylene/1 -hexene copolymer 
had MFR of 0.12 g/10 min, a density of 0.928 g/cm 3 , 
a bulk specific gravity of 0.45 g/cm 3 , an average par- 
ticle diameter of polymer of 560 urn, and a content of 
particulate polymer having a particle diameter of not 
more than 100 urn of 0.02 % by weight. 

In that case, no adhesion to the autoclave wall of 
the polymer was observed. 

Comparative Example 2 

[Preparation of prepolymerized catalyst] 

The same procedure as in Example 4 was repeat- 
ed except that the diisobutylaluminum hydride treat- 
ment was omitted, and triisobutylaluminum was used 
at the time of prepolymerization, whereby a prepoly- 
merized catalyst was obtained. Fig. 5 shows a photo- 
graph of an optical microscope of this prepolymerized 
catalyst. 

The thus obtained prepolymerized catalyst had 
feather-like projection on its surface and were poor in 
particle properties. 

(Polymerization) 

In the same manner as in Example 4, 375 g of an 
ethylene/1 -hexene copolymer was obtained. 

The thus obtained ethylene/1-hexene copolymer 
had MFR of 0.10 g/10 min, a density of 0.927 g/cm 3 
a bulk specific gravity of 0.44 g/cm 3 , an average par- 
ticle diameter of polymer of 580 um, and a content of 
particulate polymer having a particle diameter of not 
more than 100 urn of 0.03 % by weight. 

Adhesion to the autoclave wall of the polymer 
was observed. 
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A thoroughly nitrogen- purged 1 -liter glass flask 15 
was charged with 34.5 g of silica (a product of Fuji Da- 
vison Co., adsorbed water; not more than 0.1 % by 
weight; hydroxyl group content; 2.4 % by weight) and 
500 ml of toluene, and the resulting suspension was 
cooled to 0°C. To this suspension was added drop- 
wise over a period of 45 minutes while maintaining the 
temperature within the system at 0°C 178 ml of a tol- 
uene solution (a product of Schering Co., methylalu- 
minoxane (Lot No. TB6.1 -373) Al; 1 .48 mol/liter) of an 
organoaluminium oxy-compound. Thereafter, this 
suspension was heated up to 95°C to react for 20 
hours, and the resulting suspension was washed 
three times with 500 ml of toluene to give 700 ml of a 
suspension with the addition of toluene. 

A 100 ml portion of the thus obtained suspension 30 
was poured in a 400 ml glass flask, and 5.7 ml of a 
toluene solution (Zr; 0.0303 mol/liter) of bis(l-methyl- 
3-n-butylcyclopentadienyl)zirconium dichloride was 
added to the glass flask, heated up to 80°C and the 
resulting mixture was stirred at 80°C for 2 hours. This 
suspension was washed three times with 100 ml of 
hexane to give 100 ml of a suspension with the addi- 
tion of hexane. 

Successively, this suspension was charged with 
1.7 ml of a decane solution (Al; 1.0 mol/liter) of diiso- 
butylaluminum hydride, followed by stirring at room 
temperature for 2 hours. Subsequently, a supernatant 
of a suspension was removed, and the suspension 
was washed two times with 100 ml of hexane to give 
a suspension again with the addition of 200 ml of hex- 45 
ane. 

To this suspension was added 7.2 ml of a decane 
solution (Al; 1.0 mol/liter) of diisobutylaluminum hy- 
dride, and ethylene gas (normal pressure) was intro- 
duced continuously thereinto to carry out prepoly- 50 
merization at 50°C for 2 hours, whereby a prepolymer- 
ized catalyst (3) was obtained. In that case, no adhe- 
sion to the reactor wall of the prepolymerized catalyst 
was observed. 

The thus obtained prepolymerized catalyst (3) 55 
contained, based on 1 g of silica, 2.3 mg of zirconium, 
1 09 mg of aluminum and 3 g of polyethylene. This pre- 
polymerized catalyst (3) had a smooth surface and a 

14 



35 



40 



27 



EP 0 582 480 A2 



Claims 

1. An olefin polymerization catalyst comprising 

(A) an organoaluminum oxy-com pound, 

(B) a group IVB transition metal compound s 
containing a ligand or iigands having a cydo- 
pentadienyl structure, and 

(C) a hydrogenated organoaluminum com- 
pound. 

10 

2. A catalyst according to claim 1 which is solid and 
additionally comprises 

(D) a particulate carrier. 

3. A catalyst comprising 1 5 

(I) a solid catalyst as claimed in claim 2, and 

(II) (E) an organoaluminum compound. 

4. A catalyst according to claim 2 which additionally 
comprises pre polymerized olefin. 20 

5. A catalyst comprising 

(I) a catalyst comprising pre polymerised ole- 
fin as claimed in claim 4, and 

(II) (E) an organoaluminum compound. 25 

6. A method for polymerizing or copolymerizing ole- 
fin, which comprises polymerizing or copolymer- 
izing olefin in the presence of a catalyst as 
claimed in any one of claims 1 to 5. 30 
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